Rare disease Background:
Background
Intestinal lymphangiectasia (IL) is a rare disorder characterized by impaired intestinal lymphatic drainage due to primary ectasia, diffuse or localized, of the intestinal lymphatic vessels, or as a result of secondary impacts on the normal lymph circulation, such as heart diseases and retroperitoneal lymph node enlargements [1] . Regardless of the cause, the pathogenesis of IL involves a dilation of the intestinal lymphatic vessels and an increase in the interstitial pressure, leading to lymph fluid leakage into the intestinal lumen. This outflow of lymph fluid decreases the plasma oncotic pressure due to a lack of proteins and gamma-globulins in the plasma. In addition, fat, lymphocytes, electrolytes, and fat soluble vitamins can be depleted [2, 3] .
The age of disease onset is variable. Although the diagnosis was established, in multiple studies, in infants. But IL has been observed in older age groups. It has been reported that the mean age of disease onset is twelve years. No etiological causes for IL have been identified, and genetic etiology is not clearly defined. Almost all the reported cases are of sporadic origin and familial stories of IL in first-or second-degree relatives are rarely reported [4] . Prevalence is unknown and disease distribution around the world is poorly researched due to the rareness of the disease.
The symptoms of IL are variable depending on its severity. The classical symptoms are bilateral or unilateral lower limb edema and intermittent diarrhea. Some patients develop steatorrhea; in other cases, an accumulation of fluids in body cavities resulting in pleural effusion or ascites has been reported [5, 6] . The main patient complaints are abdominal pain, nausea and vomiting, intermittent diarrhea and steatorrhea, chronic fatigue, weakness, weight loss, and inability to gain weight.
IL is a challenging disease due to its physical characteristics and its psychological effects on the patients and their families. Diet modification plans, medium-chain triglycerides (MCT), octreotide, antiplasmin, and surgical procedures have been introduced as management choices for the disease [7] [8] [9] [10] .
Here, we present a case of a patient with IL. This patient was followed, closely, for more than three years. In addition, we searched the literature looking for similar cases of IL. The purpose of this report is two-folds: to present our case study and IL management plan and present the conclusions from an investigation of the literature.
Case Report
A 24-year-old male was admitted to Aleppo university Hospital (AUH), in 2010, with the complaints of abdominal pain, headache, arthralgia, fever, and rigors. The patient stated that he had, since infancy, intermittent episodes of foul-smelling diarrhea. These episodes were accompanied by abdominal pain, nausea, and vomiting. The patient was suffering from intractable bilateral swelling in the lower limbs, more prominent in his left leg. This swelling was responsible for restricting his daily life activities.
The current hospitalization was one in a series of admissions to a non-academic hospitals, inside and outside the country. These admissions were for multiple reasons. Reviewing the patient's medical history revealed that recurrent infections were the most common cause for all of his previous hospitalizations. In the emergency department, a physical examination revealed a distressed patient with an ill appearance. He was weak, dehydrated, pale, and had a high-grade fever of 39.6°C (103.2°F). The patient was lying supine on the exam table with his legs drawn down, arms on his abdomen, and he was shivering and staring with an anxious facial expressions and eyes that were filled with tears. Moreover, the patient was dyspneic with a respiratory rate of 17 beats/minute and without cyanotic hue; his oxygen saturation was 92%. The patient was tachycardic (pulse rate, 125 beats/minute), and moderately hypotensive (blood pressure 97/60 mm Hg).
The patient's lower extremities were severely edematous, and extremely tender to touch. The overlying skin was erythematous and warm. The redness of the skin extended from the left popliteal area to the scrotum, which was enlarged but not tender to palpation. The skin covering the scrotum had changed to a very thick and hard skin mass. Further investigation revealed that the patient had an insect bite on the top of his left foot, one week ago.
The patient was resuscitated with IV fluids. Tylenol was infused to bring his temperature down, and to control pain. Blood tests in the emergency department showed a high C-reactive protein (CRP) level and an elevation in the erythrocyte sedimentation rate (ESR). White blood cell count was 18,500 per mm 3 with 85% neutrophilia. Hemoglobin was 10.3 g/dL and the hematocrit was 31%. The patient was admitted to the general internal medicine department in AUH for further investigations and management.
In the general internal medicine department, the management plan was applied immediately, including IV fluids, empiric antibiotic therapy, and analgesics. Additional blood samples were drawn for further laboratory testing, blood culture, and antibiotic sensitivity tests. Table 1 presents a summary of the laboratory test results.
Doppler ultrasound study of the lower limbs and scrotum was performed and showed a diffuse thickening, increasing the echogenicity of the skin and subcutaneous tissues. These findings were accompanied by hypoechoic strands of fluids that extended between the hyperechoic fat and the underlying CBC -cell blood count; WBC -white blood cell; HGB -hemoglobin; HCT -hematocrit; PLT -platelet; ESR -erythrocyte sedimentation rate; CRP -C-reactive protein; RFT -renal function test; LFT -liver function test; ALT -alanine aminotransferase; AST -aspartate aminotransferase; ALP -alkaline phosphate; PT -prothrombin time; INR -international normalized ratio; ANA -antinuclear antibody; Anti-dsDNA -anti-double stranded DNA; IG -immunoglobulin; LDL -low-density lipoprotein; HDL -high-density lipoprotein; TG -triglycerides.
connective tissues. A characteristic "cobblestone" appearance was observed along the left leg. The veins in the left leg were non-compressible and Doppler flow was clearly sufficient. The vessels in the scrotum area were intact and the blood supply to the testes was adequate. An accumulation of scrotal fluids was observed bilaterally, extending slightly to the penis.
Abdominal sonogram revealed an edematous gallbladder wall and large bowel loops with markedly thickened walls. A slight amount of ascetic fluid was observed in the peritoneal cavity.
Three days later, when the patient clinically stabilized, further investigational procedures were planned to study the swelling of the lower limbs. The CT scan was very useful in identifying dilated intestinal loops and a diffuse thickening of the intestinal walls, as well as mesenteric edema. The CT scan showed that the circumferential thickening of the small bowel wall was enlarged (1.5-2 cm).
One week later, an endoscopic examination was performed, which was significant for mucosal changes and white spots and nodules (dilated lacteals) ( Figure 1A ). Multiple biopsies were obtained for further histological examinations, which showed a characteristic dilatation of the enteric lymph vessels in the mucosal and submucosal layers without any evidence of inflammation. The histological examination was suggestive of IL ( Figure 1B ).
The results of our investigations, integrated with the patient's clinical picture, were suggestive of an IL associated with cellulites in the left lower limb.
Three weeks later, the patient was totally recovered; he was discharged home and scheduled for a routine follow-up visits in the internal medicine clinic at AUH.
The patient was followed for more than three years. His longterm management plan was designed to primarily educate the patient and his parents about the specifics of his disease. In addition, the management included dietary modifications, routine screening tests, and some medications to control his chronic diarrhea. The patient was advised to use a compression stocking, raise his leg while in a supine position, and to do routine massages to the lower limbs.
While the patient was under observation in the hospital, octreotide was applied subcutaneously, and we continued this treatment with a slow-release formulation for a period of six months.
The most important part of our management plan was diet modifications. The nutritionist in our clinic had educated the patient to substitute the long-chain fatty acids (LCFA) in his food with medium-chain triglycerides (MCTs). Due to its availability and cheapness, the patient started to consume palm oil as a per-oral morning load and in his daily meals. He followed the palm oil diet for seventeen months. The palm oil diet was replaced later with a coconut oil diet. See (Figure 2 ) for clinical features of IL in our patient.
In order to track the effectiveness of the previously mentioned procedures on the amount of swelling in the lower limb, we measured the diameter of his leg and the middle part of his thigh. The anatomical landmarks for these measures were A B the middle part of the thigh, the lateral malleolus of the fibula, and the medial malleolus of the tibia. We recorded these measurements during every visit and at the same time of day (i.e., the patient was scheduled at 13:00 PM and his measurements were taken at 13:30 PM).
Practically speaking, we have never seen any significant improvement in the size of the swelling in the lower limb or in the scrotal area. It seems that the regression of edema in the lower leg was slightly better when coconut oil was applied, but this change was trivial overtime. Notably, the edema was less in the early morning and greater in the evening. The mechanical maneuvers (e.g., raising the leg during sleep, massages) were temporarily effective in reducing the edema size.
The diet modification plan was of great benefit in preventing further accumulation of fluids, controlling the loss of enteric proteins, and in preventing susceptibility to infectious agents. The patient was never rehospitalized for any reason up to the time of drafting this article. MCT oils had no important effects on edema size in the long-term management plan for our patient.
Discussion
We performed our literature search in PubMed using the keywords "primary intestinal lymphangiectasia, intestinal lymphangiectasia, Waldmann's disease, case report". Feeding the same words into Ovid, Medline, and EBSCO led to the same results. Two hundred and fifteen articles were identified. Two of the co-authors reviewed the literature separately, and they matched the results. According to our search, the first case report of IL was published in 1965 [11] . Ten articles described IL in animals (nine articles were for a diagnosis of IL in dogs and one in a horse. One paper was a pharmaceutical experiment on a guinea pig [12] ). The remaining 205 articles described IL in humans.
The original text was not available for seventeen articles, so they were excluded from our review. The final number of articles included in our review was 188 studies in humans. Figure 3 presents a flowchart for our literature search.
The articles were classified as follow: 1. Articles described a single case report and its clinical course in a patient. 2. Articles presented multiple case reports and its clinical manifestations in each patient. 3. Articles studied an association between IL and other etiologies. 4. Articles dedicated their attention to the complications of IL. 5. The role of specific treatments in the management of IL was presented in multiple studies; these treatments were: octreotide, MCT oil, low fat diet plans, and anti-plasmin. 6. Some studies were interested in an investigational means to establish the diagnosis of IL.
Literature search revealed that the age at diagnosis was widely variable. While some cases were diagnosed early in life, others were detected later in life. Age was clearly elucidated in 180/188 case reports. Figure 4 present the number of case reports in each age group. The total number of male and female patients included in the reported cases (178/188) was 100 males and 78 females. Sporadic IL cases were more prominent; almost 90% of the reported IL cases were of sporadic origin and the rest were of familial susceptibility with a genetic basis. We were able to detect the patient's nationality in 174/188 articles. The largest number of reported cases were from Europe: 84/174 case reports (Italy 16, UK 15, France 12, Turkey 9; other European countries had less than five cases per country). We found 48/174 case reports for patients from Asia (Japan 14, China 13, India 10, Korea 7; other Asian countries had less than two cases per country). In North and South America, the United States had the largest number of reported cases, with 23/174. Three cases were reported from Australia, two from Africa and 8/174 were from the Middle East region.
Taking into account the regional and continental population totals, the largest number of reported cases of IL were from countries in Europe, particularly Italy, comprising approximately 50% ( Figure 5 ).
Although in our literature review we cannot point directly to the reason(s) behind the high number of IL cases reported in Europe, on the one hand, we suspect that the medical procedures applied in the countries of the European Union, with regards to health insurance and medical care, covered a more general population, and as a result, discovering and reporting a higher number of rare medical conditions should be expected.
On the other hand, considering the population of Asia in 2015 was almost more than 60% of the world population, and the small number of reported cases from Asian countries, this makes us think that other factors could be the cause of the high number of the reported cases of IL in Europe; naturally, the possibility of genetic factors comes to mind. Table 4 . Octreotide management in IL.
# Improvement: Correction of hypoalbuminemia; * octreotide was tested to treat intestinal lymphangiectasia in guinea pig model.
In our review we found that a large number of articles (87/188) reported an association between IL and other diseases. Table 2 is a summary of diseases associated with IL, which suggests that a high number of medical cases associated with IL may be due to hypoalbuminemia and lymphopenia and their widespread systemic consequences.
In 37/188 articles, authors introduced diagnostic procedures and radiological findings that can be used to evaluate and diagnose IL, and 15/188 articles shed light on the secondary causes of IL. Table 3 presents a summary of diseases complicated by IL in their clinical course; 30/188 articles described classic cases of IL with all its known clinical features.
Our review found 35/188 articles that described management plans. In particular, octreotide was discussed in 10/35 articles [13] [14] [15] [16] [17] [18] [19] [20] [21] , antiplasmin in 3/35 [22] [23] [24] , corticosteroids in 2/35 [25, 26] , and surgical procedures in 7/35; the rest of the articles (13/35) described a diet modification plan and the role of MCT oil in the management of IL [27] . In almost all the previous studies, the prognosis was ambiguous due to short time periods of the reported management plans. Octreotide was only effective in blocking diarrheal episodes and for correcting hypoalbuminemic states. Table 4 presents a summary of studies that discussed the role of octreotide in the management of IL.
In our patient's case, after more than three years of a careful management plan and persistent follow-up, it was clear that octreotide, diet modification, and MCT oils were unable to eliminate the edema. Using MCT oils over more than three years did not show any important improvement in the edema size ( Figure 6 ). However, these management approaches were of benefit in restricting further extension of the edema, although they were unable to eradicate the existence of the original presenting edema. Most likely, this is related to the fact that MCT oils and octreotide are unable to affect already-extended lymphatic vessels. Notably, the only benefit observed for the use of MCT oils is that it, probably, played a role in maintaining the immune system function against various infectious agents. This is in part due to the fact that these oils can help in preventing the loss of enteric proteins.
Conclusions
Low-fat diet plans, light exercises, massages, and mediumchain triglycerides (MCT), such as coconut and palm oils, can help to prevent further extension of edema in patients with (IL). It seems that MCT oils are an excellent choice to protect 
